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Anhydride Induced One-Pot Synthesis of ortho-Acyloxy
Diarylalkenes from 2-(1-Hydroxy-1-arylalkyl)phenols
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Abstract Reaction of 2-(1-hydroxy-1-arylalkyl)phenols with anhydride and NEt; was reported, providing a practical way to
the synthesis of ortho-acyloxy diarylalkenes, which is an important motif in many bioactive compounds and starting materials
in many organic synthesis. This reaction can be achieved in one pot reaction under mild conditions in good yields.

Keywords 2-(1-hydroxy-1-arylalkyl)phenols; ortho-acyloxy diarylalkenes; mild conditions; anhydride promoted reaction

1 Introduction

Substituted 2-(1-arylvinyl)phenol derivatives exist ex-
tensively in bioactive compounds, such as isocombretas-
tatin A-1,!" ratanhine,” inophynone,” etc. (Figure 1), and
are also served as key starting materials in the synthesis of
pharmaceutically active compounds, for example, toltero-
dine and fendline,'” as well as natural products, e.g., Cou-
marin derivatives."”! In addition, this 2-(1-arylvinyl)-phenol
unit can achieve the construction of benzofuran skeleton
through a dehydrogenative oxygenation of C(sp®)—H
bonds with intramolecular phenolic hydroxy groups,® and
can also react with propargylic alkynols or allenes to gen-
erate chromene-like products.””) Moreover, lots of reactions
can be performed to functionalize the C=C double bond,
such as asymmetric hydrogenation,”®! epoxidation,” halo-
genations,!'” asymmetric hydroboration,!'"! Sharpless
asymmetric dihydroxylation,'?) aminoflurination,!*! and
Heck coupling.!"¥ Given their high importance, there is

* Corresponding author. E-mail: feijunwang@ecust.edu.cn
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Figure 1 Bioactive compounds containing a 1,1-diaryl alkenes
unit
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ongoing interest in the development of convenient and
general protocols for the synthesis of 2-(1-arylvinyl)phenol
derivatives. With the exception for the traditional Wittig
olefination of ortho-oxygen substituted diarylketones, !
several approaches such as nucleophilic addition of phe-
nols to phenylacetylenes (Scheme 1a),!'"! Pd/C-mediated
intramolecular [2,3]-sigmatropic rearrangement of sulfox-
ides to synthetise ortho-oxygen substituted diarylalkenes
(Scheme 1b),""”! Heck reactions of ortho-oxygen substitut-
ed aryl triflates and styrene (Scheme 1c),!"® Suzuki cou-
plings of a-bromostyrenes with ortho-oxygen substituted
ArB(OH), (Scheme 1d),"”! Stille cross-coupling reaction
of ortho-oxygen substituted vinylstannanes with aryl hal-
ides (Scheme 1le),”! cross-coupling of ortho-oxygen sub-
stituted N-tosylhydrazones with aryl halides (Scheme
11),*"! and rhodium-mediated reactions of N-phenoxyace-
tamides with N-tosylhydrazones, diazoesters or aromatic
ketones (Scheme 1g)**! have been reported in recent years.
However, these reported methods involved the uses of
metal catalysts and phenol group protected substrates.
Some metal-free synthetic strategies such as iodine-**! or
acid-"*promoted reaction of 2-(1-hydroxy-1-arylalkyl)-
phenol were also established to achieve the green synthesis
of ortho-oxygen substituted diarylalkenes (Scheme 1h).
Inspired by these excellent results, herein, we report a
method using acetic anhydride to synthesize acylated
2-(1-arylvinyl)phenol derivatives from easily available
2-(1-hydroxy-1-phenylalkyl) phenols (Scheme 1i). The
present method features mild conditions, high yields and
broad substrate scope.

2 Results and discussion

At the beginning of our studies, reactions of 2-(1-hy-
droxy-1-(o-tolyl)ethyl)phenol (1a) with Ac,O (2a) were
investigated as our model reaction to optimize the reaction
conditions (Table 1). We were glad to see that when the
starting materials 1la and 2a were stirred in CH,Cl, at
25 °C under the presence of P(OEt); for 12 h, the desired
product 3aa was obtained in 42% (Table 1, Entry 1). Then,
to improve the yield, the solvent efffect was examined
(Table 1, Entries 2~7). It was found that 1,2-dichloro-
ethane (DCE) was the best solvent. From the screen of
reaction temperature, it was found that increasing the reac-
tion temperature from 0 to 60 ‘C could remarkably raise
the yield of 3aa (Table 1, Entries 8~11), and the highest
yield was obtained in 87% at 60 ‘C (Table 1, Entry 11).
However, the yield was silghtly decreased when the tem-
perature was further raised to 80 ‘C (Table 1, Entry 12).
P(OEt); was supposed to be a base in this process, and
therefore, the addition of base was further screened (Table
1, Entries 13~18). It was found that the use of organic
base such as NEt; and 1,4-diazabicyclo[2.2.2]octane
(DABCO), and inorganic base such as K,COj; can signifi-
cantly promote this process, affording 3aa in up to 97%
yield using NEt; as the base (Table 1, Entry 13). The em-
ployment of thiourea was also investigated, but no desired
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Scheme 1 Different synthetic approaches to substituted 1,1-
diaryl alkenes

product 3aa was obtained (Table 1, Entry 18).

With the optimized reaction conditions in hand, the sub-
strate scope of this reaction was explored (Table 2). A se-
ries of 2-(1-hydroxy-1-arylalkyl)phenols with different
substituents (1b~1m) were firstly tested. It was important
to note that more steric phenols such as 1b and 1c¢ could
mainly afford products £-3ba and E-3ca in high yields,
respectively. E-Configuration of 3ba was determined by
'H-NOESY spectrum, and the ratio of E-3 to Z-3 was es-
tablished by crude 'H NMR. Substrate 1d~1f with R’
groups in different position of the bezene ring reacted well
with the optimal conditions, affording the desired products
(3da~3fa) in excellent yields. Moreover, substrates with
electron-donating group or electron-withdrawing group
such as halogen substituent, nitro group and cyano group
on the phenol ring could afford the desired products 3ga~
30a in medium to excellent yields. It was also worth men-
tioning that anhydrides other than acetic anhydride, for
example, malanic anhydride, butyric anhydride, butenic
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Table 1 Optimizations of the reaction conditions”

OH OH Me OAc Me
base (3 equiv.) O O
Me Ac,0O
SoIvent T,12h
3aa
Entry Solvent 7°C Base Yield’/%
1 CH,Cl, 25 P(OEt), 42
2 THF 25 P(OEt); 8
3 CH,CN 25 P(OEt); 17
4 PhMe 25 P(OEt); 37
5 Et,O 25 P(OEY); 11
6 DMF 25 P(OEY); 2
7 DCE 25 P(OEY); 43
8 DCE 0 P(OEY); 0
9 DCE 20 P(OEY); 40
10 DCE 40 P(OEY); 82
11 DCE 60 P(OEt), 87
12 DCE 80 P(OEY); 85
13 DCE 60 NEt; 97
14 DCE 60 DMAP 29
15 DCE 60 DABCO 95
16 DCE 60 K,CO; 93
17 DCE 60 NaOH 39
18 DCE 60 Thiourea 0

“Reagents and conditions: 1a (0.4 mmol), Ac,0O (0.8 mmol, 2 equiv.), NEt;
(1.2 mmol, 3 equiv.), solvent (2 mL). b Isolated yield.

anhydride and Boc-anhydride, were also suitable for this
transformation, giving their corresponding ortho-acyloxy
diarylethylenes 3ab~3ae in good yields.

Phenyl-1-(o-tolyl)ethan-1-0l 1p without a phenolic hy-
droxyl group as the substrate was also investigated in this
anhydride-mediated process (Scheme 2). This reaction
can’t afford the desired 3pa, but the acylated product 4
with 41% yield. It suggests that the existence of phenolic
hydroxyl group is very important to achieve the transfor-
mation of substrate 1 to product 3. In addition, 2,2'-(1-
hydroxyethane-1,1-diyl)diphenol (1q) was also tested in
this process, and the desired ortho-acyloxy diarylalkene 5
was obtained in 43% yield. If 1 equiv. acetic anhydride
was used in this reation of substrate 1a, products 3aa and 6
were isolated at yields of 21% and 44%, respectively.

Based on the above controlled experiment, a plausible
mechanism for this transformation is proposed in Scheme
3. Under the presence of acetic anhydride and NEt;,
2-(1-hydroxy-1-arylalkyl)phenol 1a is firstly transformed
to the corresponding o-quinone methide intermediate A,*
which is subjected to a rearrange to give the product 6.
Under the presence of overloaded acetic anhydride and
NEt;, product 6 with a phenolic hydroxyl group was fur-
ther converted to acylated product 3aa.

3 Conclusions

In summary, we have developed a mild, one-pot method
to afford ortho-acyloxylated diarylalkenes in up to 99%
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Table 2  Substrate scope of 2-(1-hydroxy-1-phenylethyl)ph-
enols’
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E-3ba,? 88%, E:Z = 92:8° E-3ca, 82%, E:Z = 85:15° 3da, 99%

OAc OAc OAc Me
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Me
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Me I I Me Br _
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3na, 54% 30a, 62% 3ab, 94%
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3ac, 92% 3ad, 83% 3ae, 90%
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“ Reagents and conditions: 1 (0.4 mmol), (R*CO),0 (0.8 mmol, 2 equiv.), NEt;
(1.2 mmol, 3 equiv.), DCE (2 mL). Isolated yield based on 1. b Configuration
are determined by NOESY spectrum. ¢ The ratio of E-3 to Z-3 was determined
by crude '"H NMR.

yields from easily available starting materials of 2-(1-hy-
droxy-1-arylalkyl)phenols, anhydride and NEt;. This pro-
cess exhibits a broad substrate scope and good functional
group tolerance. The present protocol is mild, operationally
simple, and environmentally friendly.
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4 Experimental

4.1 General information

All commercially available reagents were used without
further purification. 2-(1-Hydroxy-1-phenylalkyl)phenols
were prepared via 2-hydroxy-acetophenone and Grignard
reagents according to the literature procedure.”® 'H NMR
(400 MHz) and "*C NMR (100 MHz) were recorded on an
NMR spectrometer with CDCl; as solvent. The residual
solvent signals were used as references, and the chemical
shifts were converted to the TMS scale (CDCl;: TMS: dy
=0.00, 6c=77.00). Column chromatography was per-
formed on silica gel 300~400 mesh.

4.2 General procedure for the synthesis of or-
tho-acyloxy substituted diarylalkenes

To a solution of 1 equiv. of 2-(1-hydroxy-1-phenylalkyl)-
phenol derivatives 1 (0.4 mol) in dry CICH,CH,Cl (3 mL)
were added acetic anhydride (0.8 mmol, 2 equiv.) on a
magnetic stirrer under N,. Then added NEt; (1.2 mmol, 3
equiv.) to the round-bottomed flask dropwise, the stirring
was continued 12 h or overnight. The solvent evaporation
under vacuum afforded the crude product, column chro-
matography using different mixtures of ethyl acetate/hex-
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ane as eluent allowed to obtain the pure product.

4.3 Product structure characterization

2-(1-(o-Tolyl)vinyl)phenyl acetate (3aa): 97% yield. 'H
NMR (400 MHz, CDCl;) o: 1.78 (s, 3H), 2.06 (s, 3H), 5.37
(d, J=1.6 Hz, 1H), 5.62 (d, J/=1.2 Hz, 1H), 6.98 (d, J=
8.0 Hz, 1H), 7.12~7.22 (m, 5H), 7.31 (td, J=7.6, 1.6 Hz,
1H), 7.40 (dd, J=7.6, 1.2 Hz, 1H); *C NMR (100 MHz,
CDCly) o: 20.3, 20.6, 119.9, 123.1, 125.7, 126.1, 127.5,
128.6, 129.5, 130.4, 130.4, 134.4, 135.6, 141.4, 146.6,
147.7, 168.9. HRMS (Micromass GCT, TOF MS ESI")
caled for C;;H;s0O,Na [M —+ Na] ' 275.1048, found
275.1048.

(E)-2-(1-(o-Tolyl)prop-1-en-1-yl)phenyl acetate (3ba):
88% yield. '"H NMR (400 MHz, CDCl;) d: 1.65 (d, J=6.8
Hz, 3H), 1.93 (s, 3H), 2.11 (s, 3H), 6.09 (q, J=6.8 Hz,
1H), 6.93 (d, J/=8.0 Hz, 1H), 7.10~7.18 (m, 6H), 7.29
(dd, J=1.6, 8.0 Hz, 1H); *C NMR (100 MHz, CDCL) ¢:
15.6, 19.9, 20.6, 123.1, 125.4, 125.9, 127.0, 127.8, 128.6,
130.1, 130.3, 130.63, 135.4, 136.4, 138.2, 138.9, 147.7,
169.2. HRMS (Micromass GCT, TOF MS ESI") calcd for
CsHs0,Na [M+Na]" 289.1204, found 289.1203.

(E)-2-(1-(o-Tolyl)but-1-en-1-yl)phenyl acetate (3ca):
82% yield. '"H NMR (400 MHz, CDCIl;) d: 0.99 (t,
J=17.6 Hz, 3H), 1.96~2.03 (m, 5H), 2.10 (s, 3H), 6.00 (t,
J=17.2 Hz, 1H), 6.95 (d, J/=8.4 Hz, 1H), 7.13~7.17 (m,
5H), 7.22~7.23 (m, 2H); *C NMR (100 MHz, CDCl) ¢:
14.1, 20.0, 20.7, 23.0, 123.1, 125.3, 125.9, 127.0, 127.7,
130.1, 130.3, 130.6, 135.2, 136.0, 136.3, 136.5, 139.3, 147.7,
169.2. HRMS (Micromass GCT, TOF MS ESI") calcd for
C1oH,00,Na [M+Na]" 303.1361, found 303.1360.

2-(1-Phenyl vinyl) phenyl acetate (3da): 99% Yield. 'H
NMR (400 MHz, CDCl;) d: 1.76 (s, 3H), 5.35 (s, 1H), 5.66
(s, 1H), 7.07 (d, J/=8.0 Hz, 1H), 7.24-7.29 (m, 6H), 7.34~
7.40 (m, 2H); *C NMR (100 MHz, CDCl;) 6: 20.2, 116.7,
122.9, 126.04, 126.8, 127.7, 128.2, 128.8, 131.2, 134.5,
140.7, 146.2, 148.1, 168.9. HRMS (Micromass GCT, TOF
MS ESI") caled for C;¢H;40,Na [M+Na]" 261.0891,
found 261.0892.

2-(1-(m-Tolyl)vinyl)phenyl acetate (3ea): 98% yield. 'H
NMR (400 MHz, CDCl;) d: 1.76 (s, 3H), 2.30 (s, 3H), 5.32
(d, J=1.2 Hz, 1H), 5.64 (d, J=0.8 Hz, 1H), 7.06~7.09
(m, 4H), 7.17~7.20 (m, 1H), 7.23~7.28 (m, 1H), 7.34~
7.39 (m, 2H); *C NMR (100 MHz, CDCl;) 6: 20.2, 21.3,
116.5, 122.9, 123.9, 126.0, 127.5, 128.1, 128.4, 128.8,
131.2, 134.6, 137.8, 140.7, 146.3, 148.1, 168.9. HRMS
(Micromass GCT, TOF MS ESI+) caled for C;;H;s0,Na
[M+Na]" 275.1048, found 275.1047.

2-(1-(p-Tolyl)vinyl)phenyl acetate (3fa): 98% yield. 'H
NMR (400 MHz, CDCl;) o: 1.80 (s, 3H), 2.33 (s, 3H), 5.28
(d, J=1.2 Hz, 1H), 5.63 (d, J=1.2 Hz, 1H), 7.06~7.11
(m, 3H), 7.16~7.18 (m, 2H), 7.24~7.28 (m, 1H), 7.34~
7.38 (m, 2H). *C NMR (100 MHz, CDCl;) d: 20.3, 21.1,
115.8, 122.8, 126.0, 126.7, 128.7, 128.9, 131.2, 134.8,
137.5, 137.8, 145.9, 148.1, 169.0. HRMS (Micromass
GCT, TOF MS ESI") caled for C;H;c0,Na [M+Na]"
275.1048, found 275.1047.
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2-Methyl-6-(1-(o-tolyl)vinyl)phenyl acetate (3ga): 97%
yield. '"H NMR (400 MHz, CDCl;) 6: 1.84 (s, 3H), 2.08 (s,
3H), 2.10 (s, 3H), 5.35 (d, J=2.0 Hz, 1H), 5.59 (d, J=2.0
Hz, 1H), 7.12~721 (m, 7H). “C NMR (100 MHz,
CDCly) o: 16.4, 20.1, 20.6, 119.9, 125.6, 126.0, 127.4,
128.2, 129.6, 130.4, 130.4, 131.0, 134.8, 135.7, 141.5,
146.6, 146.9, 168.2. HRMS (Micromass GCT, TOF MS
ESI") caled for C,gH;s0,Na [M+Na]" 289.1204, found
289.1205.

5-Methyl-2-(1-(o-tolyl)vinyl)phenyl acetate (3ha): 95%
yield. "H NMR (400 MHz, CDCl;) 6: 1.77 (s, 3H), 2.07 (s,
3H), 2.34 (s, 3H), 5.32 (d, J=1.6 Hz, 1H), 5.59 (d, J=1.6
Hz, 1H), 6.79 (s, 1H), 7.02 (d, /=8.0 Hz, 1H), 7.11~7.20
(m, 4H), 7.27 (d, J=8.0 Hz, 1H). *C NMR (100 MHz,
CDCly) o: 20.3, 20.5, 21.0, 119.2, 123.6, 125.6, 127.0,
127.4, 129.5, 130.1, 130.3, 131.4, 135.6, 138.9, 141.6,
146.5, 147.5, 169.0. HRMS (Micromass GCT, TOF MS
ESI") caled for C,gH;s0,Na [M+Na]" 289.1204, found
289.1203.

4-Methyl-2-(1-(o-tolyl)vinyl)phenyl acetate (3ia): 96%
yield. "H NMR (400 MHz, CDCl;) 6: 1.76 (s, 3H), 2.08 (s,
3H), 2.34 (s, 3H), 5.34 (d, J=1.6 Hz, 1H), 5.60 (d, J=1.6
Hz, 1H), 6.85 (d, J=8.4 Hz, 1H), 7.10~7.20 (m, 6H); '*C
NMR (100 MHz, CDCl;, TMS): ¢ 20.3, 20.6, 20.9, 119.7,
122.8, 125.7, 127.4, 129.3, 129.5, 130.3, 130.8, 134.0,
135.6, 135.7, 141.5, 145.5, 146.7, 169.2. HRMS (Micro-
mass GCT, TOF MS ESI+) caled for CigH;30,Na [M+
Na]" 289.1204, found 289.1205.

5-Bromo-2-(1-(o-tolyl)vinyl)phenyl acetate (3ja): 89%
yield. '"H NMR (400 MHz, CDCl;, TMS): d 1.77 (s, 3H),
2.05 (s, 3H), 5.38 (d, J=1.2 Hz, 1H), 5.61 (d, J/=1.2 Hz,
1H), 7.12~7.20 (m, 5H), 7.26 (d, J=8.4 Hz, 1H), 7.36
(dd, J=2.0, 8.4 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
20.2, 20.6, 120.3, 121.3, 125.8, 126.5, 127.7, 129.4, 129.5,
130.5, 131.4, 133.6, 135.6, 140.9, 145.8, 148.1, 168.4.
HRMS (Micromass GCT, TOF MS ESI ") caled for
C,7H,sBrO,Na [M+Na]" 353.0153, found 353.0151.

2-Bromo-6-(1-(o-tolyl)vinyl)phenyl acetate (3ka): 94%
yield. "H NMR (400 MHz, CDCl;) 6: 1.91 (s, 3H), 2.08 (s,
3H), 5.40 (d, J=1.2 Hz, 1H), 5.62 (d, J=1.6 Hz, 1H),
7.08~7.22 (m, 5H), 7.31 (dd, J=1.6, 7.6 Hz, 1H), 7.54
(dd, J=1.6, 8.0 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
20.2, 20.6, 117.7, 120.8, 125.7, 127.2, 127.7, 129.6, 129.6,
130.4, 132.5, 135.7, 137.1, 140.9, 145.5, 146.1, 167.5.
HRMS (Micromass GCT, TOF MS ESI ') caled for
C,7H;sBrO,Na [M+Na]" 353.0153, found 353.0151.

4-Bromo-2-(1-(o-tolyl)vinyl)phenyl acetate (3la): 93%
yield. '"H NMR (400 MHz, CDCl;) 6: 1.75 (s, 3H), 2.08 (s,
3H), 5.40 (d, J=1.2 Hz, 1H), 5.62 (d, J/=1.2 Hz, 1H), 6.86
(d, J/=8.4 Hz, 1H), 7.12~7.21 (m, 4H), 7.41 (dd, J=2.4,
8.4 Hz, 1H), 7.55 (d, J=2.4 Hz, 1H); *C NMR (100 MHz,
CDCly) d: 20.1, 20.6, 119.2, 120.9, 124.9, 125.8, 127.7,
129.5, 130.5, 131.5, 1329, 135.5, 136.5, 140.6, 145.5,
146.8, 168.5. HRMS (Micromass GCT, TOF MS ESI")
Caled for Cj;H;sBrO,Na [M + Na]® 353.0153, found
353.0151.

4-Chloro-2-(1-(o-tolyl)vinyl)phenyl acetate (3ma): 84%
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yield. "H NMR (400 MHz, CDCl;) 0: 1.76 (s, 3H), 2.08 (s,
3H), 5.41 (d, J=1.6 Hz, 1H), 5.63 (d, J=1.2 Hz, 1H), 6.92
(d, J=8.8 Hz, 1H), 7.13~7.21 (m, 5H), 7.40 (d,
J=2.4 Hz, 1H); “C NMR (100 MHz, CDCly) é: 20.2,
20.6, 120.9, 124.5, 125.8, 127.7, 128.5, 129.5, 123.0,
130.5, 131.4, 135.6, 136.06, 140.7, 145.6, 146.2, 168.7.
HRMS (Micromass GCT, TOF MS ESI') caled for
C,7H,5C10,Na [M+Na] " 309.0658, found 309.0660.

4-Nitro-2-(1-phenylvinyl)phenyl acetate (3ma): 54%
yield. "H NMR (500 MHz, CDCl;, TMS): ¢ 1.78 (s, 3H),
5.45 (s, 1H), 5.78 (s, 1H), 7.23~7.34 (m, 6H), 8.25 (dd,
J=2.5,9.0 Hz, 1H); >C NMR (100 MHz, CDCl;) §: 20.1,
118.5, 124.10, 124.13, 126.5, 126.7, 128.3, 128.6, 136.0,
139.5, 144.7, 145.6, 152.9, 168.0. HRMS (Micromass
GCT, TOF MS ESI") caled for C;sH;;NO,Na [M+
Na]" 306.0742, found 306.0743.

4-Cyano-2-(1-phenylvinyl)phenyl acetate (30a): 62%
yield. '"H NMR (500 MHz, CDCl;) 0: 1.77 (s, 3H), 5.39 (d,
J=0.8 Hz, 1H), 5.74 (d, J=0.8 Hz, 1H), 7.20~7.24 (m,
3H), 7.30~7.33 (m, 3H), 7.67 (dd, J=2.4, 8.4 Hz, 1H),
7.71 (d, J=2.0 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
20.1, 110.2, 118.2, 124.4, 126.7, 1282, 128.5, 132.6,
135.1, 136.2, 139.6, 144.6, 151.5, 168.1. HRMS (Micro-
mass GCT, TOF MS ESI+) caled for C;H;3sNO,Na [M—+
Na]" 286.0844, found 286.0845.

2-(1-(o-Tolyl)vinyl)phenyl propionate (3ab): 94% yield.
'H NMR (400 MHz, CDCly) §: 0.99 (t, J=7.6 Hz, 3H),
2.06 (s, 3H), 2.05 (q, J=7.6 Hz, 2H), 5.37 (d, J=1.6 Hz,
1H), 5.61 (d, J=1.6 Hz, 1H), 6.97 (dd, J=1.2 Hz, J,=8.0
Hz, 1H), 7.10~7.23 (m, 5H), 7.30 (td, J=1.6, 7.2 Hz,
1H), 7.38 (dd, J=1.6, 7.6 Hz, 1H); *C NMR (100 MHz,
CDCl;) o: 8.6, 20.6, 26.9, 119.8, 123.2, 125.7, 126.0,
127.4, 128.6, 129.5, 130.3, 130.4, 134.5, 135.7, 141.5,
146.6, 147.8, 172.3. HRMS (Micromass GCT, TOF MS
ESI") caled for CigH;sO,Na [M+Na]' 289.1204, found
289.1205.

2-(1-(o-Tolyl)vinyl)phenyl butyrate (3ac): 92% yield.
'H NMR (400 MHz, CDCl;) §: 0.90 (t, J=7.2 Hz, 3H),
1.52 (m, 2H), 2.02 (t, J=7.2 Hz, 2H), 2.06 (s, 3H), 5.37 (d,
J=1.6 Hz, 1H), 5.61 (d, J=1.6 Hz, 1H), 6.98 (d,
J=8.0 Hz, 1H), 7.10~7.23 (m, 5H), 7.29 (td, J=2.0, 7.6
Hz, 1H), 7.35 (dd, J=1.6, 7.6 Hz, 1H); *C NMR (100
MHz, CDCLy) d: 13.5, 17.9, 20.6, 35.4, 119.8, 123.2, 125.6,
126.0, 127.4, 128.5, 129.6, 130.3, 130.4, 134.5, 135.7,
141.6, 146.5, 147.8, 171.5. HRMS (Micromass GCT, TOF
MS ESI") caled for CoH,O,Na [M+Na]" 303.1361,
found 303.1362.

2-(1-(o-Tolyl)vinyl)phenyl (E)-but-2-enoate (3ad): 81%
yield. "H NMR (400 MHz, CDCl;) 0: 1.82 (dd, J=1.6, 6.8
Hz, 3H), 2.06 (s, 3H), 5.36 (d, J=1.6 Hz, 1H), 5.62 (d, J=
1.6 Hz, 1H), 5.65 (dd, J=1.6, 15.2 Hz, 1H), 6.69~6.78
(m, 1H), 7.01 (dd, J=0.8, 8.0 Hz, 1H), 7.09~7.23 (m,
5H), 7.28~7.36 (m, 2H); *C NMR (100 MHz, CDCl;) o:
18.0, 20.6, 119.8, 121.5, 123.2, 125.5, 125.9, 127.2, 128.5,
129.6, 130.2, 130.4, 134.7, 135.5, 141.5, 146.2, 146.3,
147.8, 164.2. HRMS (Micromass GCT, TOF MS ESI")
caled for C;oH;30,Na [M—I—Na]+ 301.1204, found
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tert-Butyl (2-(1-(o-tolyl)vinyl)phenyl) carbonate (3ae):
90% yield. '"H NMR (400 MHz, CDCl;) d: 1.41 (s, 9H),
2.12 (s, 3H), 5.39 (d, J=1.6 Hz, 1H), 5.68 (d, J=1.6 Hz,
1H), 7.09 (d, J=8.0 Hz, 1H), 7.12~7.18 (m, 4H), 7.21~
7.23 (m, 2H), 7.28 (td, J=2.0, 7.6 Hz, 1H); >C NMR (100
MHz, CDCl;) J: 20.4, 27.6, 83.0, 119.7, 122.9, 125.6,
125.9, 127.4, 128.5, 129.7, 130.2, 130.4, 134.6, 135.7,
141.7, 145.9, 148.2, 151.4. HRMS (Micromass GCT, TOF
MS ESI") caled for CyHp,O3Na [M+Na]' 333.1467,
found 333.1468.

Phenyl-1-(o-tolyl)ethyl acetate (4): 41% yield. 'H NMR
(400 MHz, CDCl;) 6: 1.95 (s, 3H), 2.08 (s, 3H), 2.34 (s,
3H), 7.22~7.26 (m, 2H), 7.29~7.33 (m, 4H), 7.39~7.43
(m, 3H); *C NMR (100 MHz, CDCl5) 6: 19.1, 20.6, 36.6,
84.2, 1229, 126.1, 126.8, 127.7, 128.3, 128.9, 131.2,
134.5, 140.71, 146.2, 172.3. HRMS (Micromass GCT,
TOF MS ESI") caled for C;H;s0.Na [M + Na] *
277.1204, found 277.1205.

Ethene-1,1-diylbis(2,1-phenylene) diacetate (5): 43%
yield. '"H NMR (400 MHz, CDCL;) J: 2.35 (s, 6H), 5.66 (s,
2H), 7.22~7.26 (m, 2H), 7.29~7.33 (m, 4H), 7.40~7.43
(m, 2H); *C NMR (100 MHz, CDCl3) 6: 20.3, 114.4,
119.9, 120.1, 125.7, 126.6, 128.3, 148.7, 150.4, 169.0.
HRMS (Micromass GCT, TOF MS ESI ') caled for
CigH404Na [M+Na]" 319.0946, found 319.0947.

2-(1-(o-Tolyl)vinyl)phenol (6)*": 44% yield. 'H NMR
(400 MHz, CDCl;) 6: 2.06 (s, 3H), 5.50 (m, 2H), 5.64 (d,
J=12 Hz, 1H), 6.84 (td, J=7.6, 0.8 Hz, 1H), 6.89 (dd,
J=38.0, 0.8 Hz, 1H), 7.03 (dd, J=8.0, 2.0 Hz, 1H), 7.15~
7.26 (m, 4H), 7.32 (dd, J=6.8, 1.6 Hz, 1H).

Supporting Information Copies of 'H NMR and "C
NMR spectra of the products. The Supporting Information
is available free of charge via the Internet at http://sioc-
journal.cn/.
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